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RADIO COMMUNICATION METHOD,
RADIO TRANSMITTING APPARATUS, AND
RADIO RECEIVING APPARATUS

This application 1s a continuation of U.S. application Ser.
No. 10/4°77,553 filed Nov. 13, 2003 now U.S. Pat. No. 7,372,
908, which 1s a 35 USC 371 application of PCT/JP2003/
002176 filed Feb. 27, 2003, which 1s based on JP 2002-
052831 filed Feb. 28, 2002, the contents of which are

incorporated by reference herein 1n their entireties.

TECHNICAL FIELD

The present invention relates to a radio communication
method, radio transmitting apparatus and radio recerving
apparatus.

BACKGROUND ART

Conventionally, i radio communications, to improve
reception quality, there are performed an antenna diversity
transmission that switches an antenna to transmit the same
signal and an automatic repeat request that retransmits a
signal according to a request from a receiving side when an
error occurs 1n the signal. However, 1n the antenna diversity
transmission, since multiple antennas must be prepared, an
apparatus scale on a transmitting side will be increased. Addi-
tionally, 1n the automatic repeat request, the frequency of
retransmission will increase as an error rate 1s high, resulting
in a reduction transmission efficiency.

DISCLOSURE OF INVENTION

An object of the present mvention 1s to provide a radio
communication method, radio transmitting apparatus and
radio recerving apparatus that 1s capable of improving recep-
tion quality without performing transmission and retransmis-
s10n using a plurality of antennas.

In order to attain the above object, the present invention
transmits a multicarrier signal including a plurality of same
bits each having a different frequency.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram 1llustrating a configuration of a
radio transmitting apparatus according to Embodiment 1 of
the present invention;

FIG. 2 1s a block diagram 1llustrating a configuration of a
radio receiving apparatus according to Embodiment 1 of the
present invention;

FIG. 3 1s a view 1llustrating a mapping of each symbol in
QPSK modulation;

FIG. 4 1s a view 1llustrating a mapping of each symbol in
16QAM modulation;

FIG. 5 1s a view 1llustrating a corresponding relationship
between a subcarrier and a transmission bit 1n QPSK modu-
lation;

FIG. 6 1s a view 1llustrating a corresponding relationship
between a subcarrier and a transmission bit according to
Embodiment 1 of the present invention;

FI1G. 7 1s a view 1llustrating fading vanation;

FIG. 8 1s a view 1llustrating an error rate characteristic;

FI1G. 9 1s a view 1llustrating fading vanation;

FI1G. 10 1s a block diagram illustrating a configuration of a
radio transmitting apparatus according to Embodiment 2 of
the present invention;
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2

FIG. 11 1s a block diagram 1illustrating a configuration of a
radio recerving apparatus according to Embodiment 2 of the
present invention;

FIG. 12 1s a view 1llustrating a corresponding relationship
between a subcarrier and a transmission bit according to
Embodiment 2 of the present invention;

FIG. 13 1s a view 1illustrating a corresponding relationship
between a subcarrier and a transmission bit according to
Embodiment 2 of the present invention;

FIG. 14 1s a view 1illustrating a corresponding relationship
between a subcarrier and a transmission bit according to
Embodiment 2 of the present invention;

FIG. 15 1s a block diagram 1llustrating a configuration of a
radio transmitting apparatus according to Embodiment 3 of
the present invention;

FIG. 16 1s a block diagram 1llustrating a configuration of a
radio recerving apparatus according to Embodiment 3 of the
present invention;

FIG. 17 1s a view 1llustrating a corresponding relationship
between a subcarrier and a transmission bit according to
Embodiment 3 of the present invention;

FIG. 18 1s a view 1llustrating a corresponding relationship
between a subcarrier and a transmission bit according to
Embodiment 3 of the present invention;

FIG. 19 1s a block diagram 1llustrating a configuration of a
radio transmitting apparatus according to Embodiment 4 of
the present invention;

FIG. 20 1s a view 1illustrating a mapping pattern according,
Embodiment 4 of the present invention;

FIG. 21 1s a view 1llustrating a mapping pattern according,
Embodiment 4 of the present invention;

FIG. 22 1s a view 1llustrating a corresponding relationship
between a subcarrier and a transmission bit according to
Embodiment 4 of the present invention;

FIG. 23 1s a block diagram 1llustrating a configuration of a
radio recerving apparatus according to Embodiment 4 of the
present invention; and

FIG. 24 15 a view 1llustrating a combining method accord-
ing to Embodiment 4 of the present invention.
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1o

BEST MODE FOR CARRYING OUT TH
INVENTION

L1l

The following will specifically explain embodiments ol the
present invention with reference to the drawings.

Embodiment 1

FIG. 1 1s a block diagram 1llustrating a configuration of a
radio transmitting apparatus according to Embodiment 1 of
the present invention. The radio transmitting apparatus 1llus-
trated 1n FIG. 1 includes a duplicating section 11, a modulat-
ing section 12 having a 16QQAM section 121 and a 16QAM
section 122, an S/P section 13, an S/P section 14, an IFFT
section 15, a transmission RF section 16, and an antenna 17,
and transmits a multicarrier signal including multiple same
bits each having a different frequency.

The duplicating section 11 duplicates a bit sequence to be
input. This duplicates the same bit to generate multiple same
bits. The bit sequence of the duplicating source 1s mnput to the
16QQAM section 121 and the duplicated bit sequence 1s 1nput
to the 16QQAM section 122.

The 16QQAM section 121 modulates the bit sequence of the
duplicating source by use of 16QQAM modulation scheme to
form a symbol. Further, the 16QQAM section 122 modulates
the duplicated bit sequence by use of 16QAM modulation
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scheme to form a symbol. As a result, the multiple same bits
are 1ncluded 1n each different symbol.

The S/P section 13 parallel converts a symbol sequence
input 1n series from the 16QAM section 121, and inputs 1t to
the IFFT section 15. Furthermore, the S/P section 14 parallel
converts a symbol sequence 1nput in series from the 16QAM
section 122, and mputs it to the IFFT section 15.

The IFFT section 15 provides IFFT (Inverse Fast Fourier
Transform) processing to the mput symbol sequences. This
generates a multicarrier signal 1n which each of the multiple
symbols input from the S/P section 13 and the S/P section 14
1s allocated to each of multiple subcarriers each having a
different frequency. Since each of the multiple same bits
duplicated by the duplicating section 11 is included in the
different symbol, each of the multiple same bits 1s allocated to

L] [T

cach of the multiple subcarriers each having a different fre-
quency by this IFFT processing. As a result, a multicarrier
signal including the multiple same bits each having a different

frequency 1s generated.

Since an OFDM (Orthogonal Frequency Division Multi-
plexing) system 1s used as a multicarrier system herein, IFFT
processing 1s performed. The OFDM system 1s one of multi-
carrier modulation schemes and a system 1n which the mul-
tiple subcarriers, which form the multicarrier signal (multi-
carrier signal generated by the OFDM system 1s particularly
referred to as an OFDM signal), are orthogonal to each other.
The use of OFDM system enables to overlap the spectrum of
the respective subcarriers, thereby allowing improvement in
spectrum etliciency.

The transmission RF section 16 provides predetermined
radio processing (D/A conversion, upconvert, and the like) to
the multicarrier signal mput from the IFFT section 15, and
thereafter transmits the multicarrier signal to a radio recerving,
apparatus shown in FIG. 2 through the antenna 17.

FIG. 2 1s a block diagram 1llustrating a configuration of a
radio receiving apparatus according to Embodiment 1 of the
present invention. The radio recerving apparatus illustrated in

FIG. 2 includes an antenna 21, a reception RF section 22, an
FET section 23, a P/S section 24, a P/S section 25, a demodu-
lating section 26 having a 16QAM section 261 and a 16QAM
section 262, and a combining section 27, and recerves a mul-
ticarrier signal sent from the radio transmitting apparatus
shown 1n FIG. 1 to combine likelihoods of multiple same bits
included in the multicarrier signal.

The reception RF section 22 provides predetermined radio
processing (downconvert, A/D conversion and the like) to the
multicarrier signal received through the antenna 21.

The FF'T section 23 provides FFT (Fast Fourier Transform)
processing to the multicarrier signal input from the reception
RF section 22. This divides the multicarrier signal into mul-
tiple symbols for each carrier. One half of the multiple sym-
bols after division s input to the P/S section 24 1n parallel, and
the other half 1s input to the P/S section 25 1n parallel.

The S/P section 24 series converts a symbol sequence input
in parallel from the FFT section 23, and mputs 1t to the
16QAM section 261. Moreover, the S/P section 235 series
converts a symbol sequence 1mnput 1n parallel from the FFT
section 23, and iputs 1t to the 16(QAM section 262.

The 16QAM section 261 demodulates the symbol using a
16QAM demodulation scheme and thereafter calculates a
likelihood for each bit. Moreover, the 16QAM section 262
demodulates the symbol using a 16QAM demodulation
scheme and therealiter calculates a likelithood for each bit.

Since the same bit as the bit included 1n the bit sequence
input from the 16QAM section 261 1s included 1n the bat
sequence input from the 16QAM section 262, the combining
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4

section 27 combines the likelihoods of the multiple same bits.
The combination in this way allows improvement in the
reception quality.

An explanation will next be given of the operations of the
above-configured radio transmitting apparatus and radio
receiving apparatus.

FIG. 3 15 a view 1illustrating a mapping of each symbol 1n
QPSK modulation. Moreover, FIG. 4 1s a view 1llustrating a
mapping ol each symbol in 16QAM modulation. As illus-
trated 1n FIG. 3, since four mapping positions (namely, modu-
lation level 1s 4) are provided 1n QPSK, the number of bits that
can be included to one symbol to be transmitted 1s two. In
contrast to this, as illustrated in FIG. 4, since 16 mapping
positions (namely, modulation level 1s 16) are provided in
16QAM, the number of bits that can be included to one
symbol to be transmuitted 1s four. By changing the modulation
scheme to 16QAM from QPSK 1n this way, the number of bits
that can be mcluded to one symbol to be transmitted can be
doubled. Namely, the higher the modulation level 1s, the
larger the number of bits that can be transmitted by one
symbol 1s.

Additionally, 1n FIGS. 3 and 4, b1, b2, b3, and b4 are bat
numbers showing positions where bits are arranged in the
symbol, respectively. For example, 1n FIG. 4, b4 indicates the
most significant bit and b1 1ndicates the least significant bit.

In the case where the modulation scheme 1s QPSK, a cor-
responding relationship between a subcarrier and a transmis-
sion bit 1s 1llustrated as 1n FIG. 5. In FIG. 5, a multicarrier
signal includes 16 subcarriers of 11 to 116. Also, this shows a
case 1n which a bit sequence of 32 bits of bits 1 to 32 1s QPSK
modulated and transmitted by 16 subcarriers of 11 to 116.
Since the bit sequence of 32 bits 15 QPSK modulated, 16
symbols of S1 to S16 are generated. Symbols S1 to S16 are
allocated to subcarriers 11 to 116, respectively. Furthermore,
cach symbol includes two bits.

Meanwhile, the radio transmitting apparatus illustrated 1n
FIG. 1uses 16QQAM for the modulation scheme. As explained
above, in 16QAM, the number of bits, which 1s twice as large
as QPSK, can be transmitted by the same symbol. Namely,
the change of QPSK to 16QAM makes it possible to transmit
64 bits by 16 symbols and 16 subcarriers. In other words, 32
bits, which were transmitted by 16 subcarriers in QPSK, can
be transmitted by the half, that 1s, eight subcarriers in
16QAM. That 1s, the change of QPSK to 16QAM generates
allowance 1n 8 subcarriers. Accordingly, the radio transmiut-
ting apparatus shown 1n FIG. 1 transmuits the duplicated same
bits 1 to 32 by 8 subcarriers having the generated allowance.
This can be specifically explained as follows.

FIG. 6 1s a view 1illustrating a corresponding relationship
between a subcarrier and a transmission bit according to
Embodiment 1 of the present invention. First of all, the radio
transmitting apparatus shown in FIG. 1 duplicates the bit
sequence of bits 1 to 32. Then, 1t 1s assumed that the bits 1 to
32 of the duplicating source are 16QQ AM modulated to be set
as symbols S1 to S8 and that the duplicated bits 1 to 32 are
16QAM modulated to be set as symbols S9 to S16. Each of
the multiple same bits 1s thereby included i the different
symbol. For example, as illustrated 1n FIG. 6, the bits 1 to 4
are mcluded 1n both symbols S1 and S9.

Here, 1n this embodiment, since the modulation scheme
was changed from QPSK to 16QAM (the modulation level
was changed from 4 to 16), the same bit was duplicated to
create two same bits. However, the modulation scheme may

be changed from QPSK to 64QAM or 256QAM. I

In the case
of 64QAM, namely, when the modulation level 1s 64, the
number of bits, which 1s three times as that of QPSK, can be
transmitted by the same number of symbols and subcarriers
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as those of QPSK. Accordingly, 1n the case of 64QAM, the
same bit 1s duplicated to create three same bits. Furthermore,
in the case of 256QQAM, namely, when the modulation level 1s
256, the number of bits, which 1s four times as that of QPSK,
can be transmitted by the same number of symbols and sub-
carriers as those of QPSK. Accordingly, in the case of
256QQAM, the same bit 1s duplicated to create four same bits.
In addition, the modulation scheme 1s changed from BPSK to
QPSK, making it possible to transmit the number of bits,
which 1s two times as that of BPSK.

The symbol sequence of symbols S1 to S8 and the symbol
sequence of symbols S9 to S16 are series-parallel converted
individually, and thereatiter subjected to IFFT processing. By
IFFT processing, as illustrated 1n FIG. 6, the symbols S1 to S8
are allocated to the subcarriers 11 to 18. Moreover, the sym-
bols S9 to S16 are allocated to the subcarriers 19 to 116 having
allowance generated by changing the modulation scheme to
16QAM from QPSK. In other words, the bits 1 to 32 of the
duplicating source are allocated to the subcarriers 11 to 18 and
the duplicated bits 1 to 32 are allocated to the subcarriers 19 to
f16. As a result, the same bits are allocated to the subcarriers
cach having a different frequency. For example, bit 1 1s allo-
cated to both subcarriers 11 and 19. Bit 1 1s thereby transmuatted
by two Irequencies of frequency 1 and frequency 19. The
multicarrier signal including the subcarriers 11 to 116 1s trans-
mitted to the radio recerving apparatus as 1llustrated in FI1G. 2.

As 1llustrated 1n FIG. 7, fading varniation 1n a frequency
axial direction 1s largely changed by an influence of a multi-
path. For this reason, a reception level varies for each subcar-
rier. Therefore, even 1 a reception level of bit 1 allocated to
the subcarrier 11 1s low, a reception level of bit 1 allocated to
the subcarrier 19 1s high in some cases.

The radio recerving apparatus of FIG. 2, whichrecerved the
multicarrier signal, combines the likelithoods of the same bits
allocated to the different subcarriers. For example, the radio
receiving apparatus combines the likelihood of bit 1 allocated
to the subcarrier 11 and that of bit 1 allocated to the subcarrier
19. This enables to obtain frequency diversity gain, allowing
improvement in the reception quality of bits 1 to 32 included
in the bit sequence.

In addition, 1t can be considered that an error rate charac-
teristic deteriorates as shown 1n FIG. 8 1f no processing 1s
performed after the modulation scheme 1s changed to 16QAm
from QPSK. In FIG. 8, 31 denotes an error rate characteristic
of QPSK, and 32 denotes an error rate characteristic of
16QAM. However, according to this embodiment, 1t can be
considered that since the likelihoods of the multiple same bits
cach having a different frequency, which are included 1n the
multicarrier signal, are combined with each other, frequency
diversity gain 1s obtained, with the result that the error rate
characteristic 1s more improved than QPSK as shown by 33.

As mentioned above, according to this embodiment, the
multicarrier signal, which includes the multiple same bits
cach having a different frequency, 1s transmitted and the like-
lithoods of the multiple same bits each having a different
frequency, which are included 1n one multicarrier signal, are
combined with each other. For this reason, diversity gain in
the frequency axial direction can be obtained by one trans-
mission. Namely, it 1s possible to improve the reception qual-
ity without performing transmission and retransmission by a
plurality of antennas. Moreover, diversity gain can be
obtained without changing a transmaission rate, enabling to
improve the reception quality. Furthermore, since the higher
the modulation level 1s, the larger the number of same bits
included 1n the multicarrier signal, it 1s possible to further
improve diversity gain in the frequency axial direction by
increasing the modulation level.
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Embodiment 2

The fading vanation normally has a periodicity in the fre-
quency axial direction as 1llustrated 1n FI1G. 9. For this reason,
if the symbols having the same bits are periodically arranged,
the reception levels of all same bits largely drop, so that
diversity gain cannot be obtained in some cases.

Accordingly, this embodiment prevents the symbols hav-
ing the same bits from being periodically arranged on the
frequency axis. For example, in FIG. 6, a distance between
symbols S1 and S9 on the frequency axis 1s made different
from a distance between symbols S2 and S10 on the fre-
quency axis. This 1s achieved by the following configuration.

FIG. 10 1s a block diagram 1illustrating a configuration of a
radio transmitting apparatus according to Embodiment 2 of
the present invention. However, the same reference numerals
as those of the components (FIG. 1) of Embodiment 1 are
added to the same components of Embodiment 1, and the
explanation will be omitted. An interleaving section 18 rear-
ranges the order of the symbol sequence output from the
modulating section 12. Namely, the interleaving section 18
interleaves the symbol sequence according to a predeter-
mined interleaving pattern.

Moreover, FIG. 11 1s a block diagram 1llustrating a con-
figuration of a radio receiving apparatus according to
Embodiment 2 of the present invention. However, the same
reference numerals as those of the components (FIG. 2) of
Embodiment 1 are added to the same components of Embodi-
ment 1, and the explanation will be omitted. A deinterleaving
section 28 rearranges the order of the symbol sequence output
from the P/S section 24 and the P/S section 25 in reverse to the
interleaving made by the radio transmitting apparatus to set a
symbol sequence which 1s in a state that interleaving 1s not yet
made. In other words, the symbol sequence 1s deinterleaved
according to the interleaving made by the radio transmitting
apparatus.

An explanation will next be given of a symbol interleaving
method. According to this embodiment, any one of the fol-
lowing three methods shown in FIGS. 12 to 14 is performed
as a symbol interleaving.

In the interleaving method 1llustrated 1n FIG. 12, the order
of the symbol sequence having the bits of the duplicating
source 1s unchanged, and the order of the symbol sequence
having the duplicated bits 1s reversed to the order of the
symbol sequence having the bits of the duplicating source.
Accordingly, symbol S9, which was allocated to the subcar-
rier 19 1n FIG. 6, 1s allocated to the subcarrier {16 1n FI1G. 12.
Moreover, symbol S16, which was allocated to the subcarrier
f16 1n FI1G. 6, 1s allocated to the subcarrier 9 in FIG. 12. This
enables to prevent the distance between the symbols having
the same bits from being conformed to the periodicity of
fading variation. This makes 1t possible to improve frequency
diversity effect as compared with Embodiment 1.

Furthermore, 1n the interleaving method 1llustrated 1n FIG.
13, the order of the symbol sequence having the bits of the
duplicating source 1s unchanged, and the order of the symbol
sequence having the duplicated bits 1s rearranged regardless
of the order of the symbol sequence having the bits of the
duplicating source. For example, as illustrated 1in FIG. 13,
only symbols S9 to S16 are rearranged. This enables to pre-
vent the distance between the symbols having the same bits
from being conformed to the periodicity of fading variation.
Also, as compared with the interleaving method shown in
FIG. 12, fading variation that the same bits receive becomes
large, enhancing more frequency diversity eifect.

Furthermore, in the interleaving method shown 1n FIG. 14,
the symbol sequence having the bits of the duplicating source
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and the symbol sequence having the duplicated bits are com-
bined and rearranged. For example, as 1llustrated 1n FIG. 14,

all symbols S1 to S16 are rearranged. Similar to FIG. 12, this
enables to prevent the distance between the symbols having
the same bits from being conformed to the periodicity of
fading variation. Also, as compared with the interleaving
method shown in FIG. 13, fading variation that the same bits
receive becomes much large, enhancing much more fre-
quency diversity effect.

In this embodiment, according to this configuration, when
the fading variation in the frequency axial direction has a
periodicity, magnitude 1n the fading variation that each of the
multiple same bits recetves at a transmission path can be
made different, so that frequency diversity gain in the fre-
quency axial direction can be more improved.

Embodiment 3

This embodiment prevents the multiple same bits from
being periodically arranged on the frequency axis. This 1s
achieved by the following configuration.

FI1G. 15 1s a block diagram illustrating a configuration of a
radio transmitting apparatus according to Embodiment 3 of
the present invention. However, the same reference numerals
as those of the components (FIG. 1) of Embodiment 1 are
added to the same components of Embodiment 1, and the
explanation will be omitted. An mterleaving section 19 rear-
ranges the order of the symbol sequence output from the
duplicating section 11. Namely, the interleaving section 19
interleaves the bit sequence according to a predetermined
interleaving pattern.

The 16QQAM section 121 modulates the bit sequence of
higher-order 32 bits of 64 bits by use of 16QQAM modulation
scheme to form a symbol. Further, the 16QAM section 122
modulates the bit sequence of lower-order 32 bits of 64 bits by
use of 16QAM modulation scheme to form a symbol.

Furthermore, FIG. 16 1s a block diagram illustrating a
configuration of a radio receiving apparatus according to
Embodiment 3 of the present invention. However, the same
reference numerals as those of the components (FIG. 2) of
Embodiment 1 are added to the same components of Embodi-
ment 1, and the explanation will be omitted. A deinterleaving
section 29 rearranges the order of the bit sequence output
from the demodulating section 26 1n reverse to the interleav-
ing made by the radio transmitting apparatus to set a symbol
sequence which 1s 1n a state that interleaving 1s not yet made.
In other words, the bit sequence 1s deinterleaved according to
the 1interleaving made by the radio transmitting apparatus.

An explanation will next be given of a bit interleaving
method. According to this embodiment, either of two meth-
ods shown 1n FIGS. 17 and 18 is performed as a bit interleav-
ing.

In the mterleaving method illustrated 1n FIG. 17, the order
of the bit sequence of the duplicating source 1s unchanged,
and the order of the duplicated bit sequence duplicated 1s
rearranged regardless of the order of the bit sequence of the
duplicating source. For example, as illustrated in FIG. 17,
only the duplicated bits 1 to 32 are rearranged. This enables to
prevent the distance between the same bits on the frequency
axis Irom being conformed to the periodicity of fading varia-
tion. Also, fading variation that the same bits recerve becomes
large, enhancing more frequency diversity effect.

Furthermore, 1n the interleaving method shown 1n FI1G. 18,
the bit sequence of the duplicating source and the duplicated
bit sequence are combined and rearranged. For example, as
illustrated 1n FIG. 18, all of the bits 1 to 32 of the duplicating
source and the duplicated bits 1 to 31 are rearranged. Similar
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to FIG. 17, this enables to prevent the distance between the
symbols having the same bits from being conformed to the

periodicity of fading variation. Also, as compared with the
interleaving method shown in FIG. 17, fading varnation that
the same bits receive becomes much large, enhancing much
more frequency diversity effect.

According to this embodiment, when the fading variation
has a periodicity 1n the frequency axial direction, the fading
variation that each of the multiple same bits receives at a
transmission path increases, thereby more improving ire-
quency diversity gain 1n the frequency axial direction.

Embodiment 4

In 16QAM, among four bits included 1n one symbol, the
likelihood of the higher-order two bits 1s higher than that of
the lower-order two bits from the relationship among the
mapping positions of 16 points of the symbols. This embodi-
ment uses this and performs modulation such that the posi-
tions where the multiple same bits are arranged are made
different from one another 1in the symbol having the bits of the
duplicating source and the symbol having the duplicated bits.
Namely, 1n the symbol having the bits of the duplicating
source and the symbol having the duplicated bits, modulation
1s performed such that theirr mappings are made different from
one another. This 1s achieved by the following configuration.

FIG. 19 1s a block diagram 1illustrating a configuration of a
radio transmitting apparatus according to Embodiment 4 of
the present invention. However, the same reference numerals
as those of the components (FIG. 1) of Embodiment 1 are
added to the same components of Embodiment 1, and the
explanation will be omitted. According to a mapping pattern
given by mapping information 1 shown i FIG. 20, the
16QQAM section 123 modulates the bit sequence of the dupli-
cating source by use of 16QQAM modulation scheme to form
a symbol. Also, according to a mapping pattern given by
mapping information 2 shown in FI1G. 21, the 16(QAM section
124 modulates the duplicated bit sequence by use of 16QAM
modulation scheme to form a symbol.

For example, attention 1s paid to a mapping point 41 1n
FIGS. 20 and 21. In FIG. 20, higher-order two bits are “00”
and lower-order two bits are “11.” In FIG. 21, higher-order
two bits are “11”” and lower-order two bits are “00.” Accord-
ingly, the same bits as those arranged at the higher-order two
bits of the symbol by the 16QQAM section 123 are arranged at
the lower-order two bits of the symbol by the 16QAM 124,
Also, the same bits as those arranged at the lower-order two
bits of the symbol by the 16QQAM section 123 are arranged at
the higher-order two bits of the symbol by the 16QQAM sec-
tion 124.

Herein, a corresponding relationship between a subcarrier
and a transmission bit 1s illustrated by FIG. 22. For example,
attention 1s paid to symbols S1 and S9 having the same bits.
Bits 3 and 4 arranged at higher-order two bits of symbol S1
are arranged at the lower-order two bits of the symbol S9.
Also, bits 1 and 2 arranged at lower-order two bits of symbol
S1 are arranged at the higher-order two bits of the symbol S9.
Accordingly, 1n symbol S1, the likelihoods of bits 3 and 4 are
higher than those of bits 1 and 2. Conversely, in symbol 89,
the likelihoods of bits 1 and 2 are higher than those of bits 3
and 4.

An explanation will next be given of the radio receiving
apparatus. FIG. 23 15 a block diagram 1llustrating a configu-
ration ol a radio receiving apparatus according to Embodi-
ment 4 of the present invention. However, the same reference
numerals as those of the components (FIG. 2) of Embodiment
1 are added to the same components of Embodiment 1, and
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the explanation will be omitted. According to the mapping
pattern griven by mapping information 1 shown in FIG. 20, the
16QAM section 263 demodulates the symbol by use of
16QAM modulation scheme to form a bit sequence. Also,
according to the mapping pattern given by mapping informa-
tion 2 shownin FI1G. 21, the 16QAM section 264 demodulates
the symbol by use of 16QAM modulation scheme to form a
bit sequence.

The combining section 27 combines the likelithoods of the
multiple same bits similar to Embodiment 1. As mentioned
above, attention 1s paid to the mapping point 41. The same bits
as “00” with high likelihoods arranged at the higher-order two
bits (b4, b3) in FIG. 20 are arranged at lower-order two bits
(b2, bl) and the likelihoods are reduced 1n FIG. 21. Also, the
same bits as “11”” with low likelithoods arranged at the lower-
order two bits (b2, bl)1n FIG. 20 are arranged at higher-order
two bits (b4, b3) and the likelihoods are increased 1n FIG. 21.
Accordingly, the combinming 27 combines the likelithoods of
the multiple same bits as 1llustrated in FIG. 24. Namely, the
likelihood of “0”” arranged at b4 1s combined with that of “0”
arranged at b2. The likelihood of “0”” arranged at b3 1s com-
bined with that of “0” arranged at b1. The likelihood of *“1”
arranged at b2 1s combined with that of “1” arranged at b4.
The likelihood of “1” arranged at b1 1s combined with that of
“1” arranged at b3. This increases the respective bit likeli-
hoods and equalizes them as compared with the case in which
combining 1s not yet made.

As mentioned above, according to the present embodi-
ment, the likelihoods of the multiple same bits each having a
different likelihood are combined with each other to enable to
increase the likelihoods ol the multiple same bits and equalize
them, thereby making it possible to more improve the recep-
tion quality.

In addition, the radio transmitting apparatus and radio
receiving apparatus of the present invention are suitable for
use 1n a radio communication terminal apparatus and a radio
communication base station apparatus employed in, for
example, a mobile communication system and the like. The
radio transmitting apparatus and radio recerving apparatus of
the present invention are installed on the radio communica-
tion terminal apparatus and the radio communication base
station apparatus, thereby enabling to provide the radio trans-
mitting apparatus and radio receiving apparatus having the
same functions and effect as mentioned above.

Moreover, the present invention can be applied to a multi-
carriecr CDMA (MC-CDMA) that performs spreading 1n a
frequency axial direction. In the case of this application, since
likelihood variation becomes large for each spread code by
interference variation between spread codes that 1s caused by
a difference 1n fading varniation for each subcarrier, it can be
expected that diversity effect will be more 1increased.

Furthermore, the present mvention can be applied to a
multicarrier CDMA (MC/DS-CDMA) that performs spread-
ing 1n a time axial direction. In the case of this application,
regarding a problem in which a signal, which 1s transmitted by
a specific subcarrier, deteriorates extremely by a difference 1n
fading variation for each subcarrier, performance can be
improved by diversity etfect.

As explained above, according to the present invention, 1t 1s
possible to 1mprove reception quality without performing
transmission and retransmission using a plurality of antennas.

This application 1s based on the Japanese Patent Applica-
tion No. 2002-052831 filed on Feb. 28, 2002, entire content of
which 1s expressly incorporated by reference herein.
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BIT NUMBER FIG. 22
SYMBOL NUMBER BIT NUMBER
FREQUENCY SYMBOL NUMBER
SUBCARRIER NUMBER FREQUENCY
FREQUENCY 5 SUBCARRIER NUMBER
SUBCARRIER NUMBER BITS OF DUPLICATING SOURCE
BITS OF DUPLICATING SOURCE DUPLICATED BITS
DUPLICATED BITS FIG. 23
FIG. 14 22: RECEPTION RF SECTION
BIT NUMBER 10 23: FF'T SECTION
SYMBOL NUMBER 24: P/S SECTION
FREQUENCY 25: P/S SECTION
SUBCARRIER NUMBER 26: DEMODULATING SECTION
BITS OF DUPLICATING SOURCE MAPPING INFORMATION 1
DUPLICATED BITS 15 MAPPING INFORMATION 2
FIG. 15 263: 16QAM SECTION
BIT SEQUENCE 264: 16QAM SECTION
11: DUPLICATING SECTION 27: COMBINING SECTION
19: INTERLEAVING SECTION BIT SEQUENCE
12 MODULATING SECTION 20 FIG. 24
121: 16QAM SECTION LIKELIHOOD
122: 16QAM SECTION BIT NUMBER
13: S/P SECTION LIKELIHOOD
14: S/P SECTION BIT NUMBER
15: IFFT SECTION 25 COMBINE
16: TRANSMISSION RF SECTION LIKELIHOOD
FIG. 16 BIT NUMBER
22: RECEPTION RF SECTION The mvention claimed 1s:
23: FFT SECTION 1. A transmitting apparatus that transmits a symbol, the
24: P/S SECTION 30 transmitting apparatus comprising:
25: P/S SECTION a modulating section having a signal generator that:
26: DEMODULATING SECTION generates a first symbol by modulating first bit informa-
261: 16QAM SECTION tion based on a corresponding relationship associat-
262: 16QAM SECTION ing the first bit information with a constellation posi-
29: DEINTERLEAVING SECTION 35 tion, wherein the value of the first bit information 1s
27: COMBING SECTION determined based only on whether a power value 1n
BIT SEQUENCE one of an I axis direction and a Q axis direction 1s
FIG. 17 positive or negative; and
BIT NUMBER generates a second symbol by modulating the first bat
SYMBOL NUMBER 40 information based on a corresponding relationship
FREQUENCY associating the first bit information with a constella-
SUBCARRIER NUMBER tion position, wherein the value of the first bit infor-
BITS OF DUPLICATING SOURCE mation cannot be determined based only on whether a
DUPLICATED BITS power value 1n one of the I axis direction and the )
FIG. 18 45 axis direction 1s positive or negative; and
BIT NUMBER a transmitting section that performs repetition transmis-
SYMBOL NUMBER sion of the first symbol and the second symbol.
FREQUENCY 2. The transmitting apparatus according to claim 1,
SUBCARRIER NUMBER wherein the signal generator of the modulating section:
BITS OF DUPLICATING SOURCE 50  generates the first symbol by modulating the first bit infor-
DUPLICATED BITS mation and second bit information based on the corre-
FIG. 19 sponding relationship: associating the first bit informa-
BIT SEQUENCE, tion with the constellation position, wherein the value of
11: DUPLICATING SECTION the first bit information 1s determined based only on
12: MODULATING SECTION 55 whether the power value 1n one of the I axis direction and
121: 16QAM SECTION the Q axis direction 1s positive or negative; and associ-
124: 16QAM SECTION ating the second bit information with the constellation
MAPPING INFORMATION 1 position, wherein the value of the second bit information
MAPPING INFORMATION 2 cannot be determined based only on whether the power
13: S/P SECTION 60 value 1n one of the I axis direction and the Q axis direc-
S/P SECTION tion 1s positive or negative; and
15: IFFT SECTION generates the second symbol by modulating the first bit
16: TRANSMISSION RF SECTION information and the second bit information based on the
FIG. 20 corresponding relationship: associating the first bat
MAPPING INFORMATION 1 65 information with the constellation position, wherein the
FIG. 21 value of the first bit information cannot be determined
MAPPING INFORMATION 2 based only on whether the power value 1n one of the I
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axis direction and the QQ axis direction 1s positive or
negative; and associating the second bit information
with the constellation position, wherein the value of the
second bit mnformation 1s determined based only on
whether the power value 1n one of the I axis direction and
the Q axis direction 1s positive or negative.

3. The transmitting apparatus according to claim 2,

wherein:

the first bit information and the second bit information each
comprises two bits of information; and

the signal generator of the modulating section generates
one symbol from the first bit information and the second
bit information using a 16 quadrature amplitude modu-
lation (16QQAM) scheme.

4. The transmitting apparatus according to claim 2, further
comprising an arranging section that arranges the first symbol
and the second symbol in a frequency domain, wherein

the transmitting section simultaneously performs repeti-

tion transmission of the first symbol and the second
symbol arranged 1n the arranging section.

10

15

14

5. A transmitting method that transmits a symbol, the
method comprising:

generating, with a signal generator of a modulator, a first
symbol by modulating first bit information based on a
corresponding relationship associating the first bit infor-
mation with a constellation position, wherein the value
of the first bit information 1s determined based only on
whether a power value 1n one of an I axis direction and a
Q axis direction 1s positive or negative;

generating, with the signal generator of the modulator, a
second symbol by modulating the first bit information
based on a corresponding relationship associating the
first bit mmformation with a constellation position,
wherein the value of the first bit information cannot be
determined based only on whether a power value 1n one
of the I axis direction and the QQ axis direction 1s positive
or negative; and

performing repetition transmission of the first symbol and
the second symbol.
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